t has been suggested that Perthes' disease is more prevalent in urban areas, and that the risk increases with deprivation. We present the findings of a preliminary analysis of Perthes' disease in Northern Ireland, which is shown to have one of the highest national annual rates of incidence in the world (11.6 per 100 000). Of the 313 children diagnosed over a seven-year period, 311 were allocated to the enumeration districts of the 1991 census, thus allowing the incidence to be calculated using both spatial and non-spatial aggregation. The cases were grouped according to the size of the settlement from highly urbanised to open countryside and by level of area deprivation. While the incidence of Perthes' disease was found to be associated with indicators of the level of deprivation for areas, there was no evidence to suggest that there was an increased risk in urban areas; the highest rate was found in the most deprived rural category.
The incidence of Perthes' disease varies greatly between different areas and population groups throughout the world. It is more common in Caucasians and very rare in coloured children.
1-3 Purry 1 reviewed the cases in the Eastern Cape region of South Africa and reported an annual incidence among the white population of 10.8 per 100 000 and in the black of 0.45 per 100 000. Within North America and Europe, researchers have found rates of 5.1 per 100 000 in British Columbia, 4 5.7 per 100 000 in Massachusetts 5 and 8.5 per 100 000 in Uppsala, Sweden. 6 In Britain, Barker, Dixon and Taylor 7 showed that the highly urbanised Mersey area had an annual incidence of 11.1 per 100 000, whereas in the predominantly rural Wessex it was 5.5 per 100 000. Hall et al 8 noted an annual incidence in Liverpool of 15.6 per 100 000. Because of this variation, it has been felt that an environmental factor must play a significant role and that Perthes' disease has a predisposition for urban areas and areas of high social deprivation. [7] [8] [9] The incidence in southern India, however, has been found to be greater among rural rather than urban populations, 10 while a study in Yorkshire found that neither social class nor rural/urban classification explained the differences in incidence. 11 Our aim was to examine the association between Perthes' disease and levels of both urbanisation and social deprivation in areas of Northern Ireland.
Patients and Methods
In Northern Ireland the population is relatively static and has a centralised orthopaedic service. Four hospitals serve children. From their records, we found that over a sevenyear period 313 children had been diagnosed as having Perthes' disease. In each, the diagnosis had been made by a consultant orthopaedic surgeon on the basis of the clinical history, examination and recognised radiological changes. The unit postcode addresses were used to match 311 of these patients to an enumeration district of the 1991 census. Allocating cases in this way allows spatial analysis of the incidence of the disease across a number of different scales, from the enumeration district (averaging about 150 households) upwards to the level of the local authority (i.e., the 26 district councils in Northern Ireland) and by a variety of socio-economic indicators.
The small number of patients limited the level of spatial disaggregation possible when examining geographical trends using area-based data, and therefore the rates of the disease are only presented at the scale of district council areas rather than for smaller groups. Finer-scale, spatiallydetailed population data may be used in examining the socio-economic breakdown of patients by attributing census information to each patient according to the enumeration district in which they live. The entire set of The incidence of Perthes' disease in Northern Ireland by district council area. enumeration districts in Northern Ireland was broken into quintiles based on the socio-economic deprivation characteristics of the resident population, and the number of patients with Perthes' disease in each category counted. The 1991 census-enumerated population of children aged from 0 to 14 years was likewise counted for each quintile, to allow the calculation of rates of disease for different socio-economic categories. This technique of non-spatial aggregation may be seen as analogous to the spatial aggregation which is commonly applied to data when moving upwards, from, say, enumeration districts to electoral wards or district council areas.
A number of different variables were available as indicators of socio-economic deprivation, including male unemployment between 16 and 64 years, housing tenure and household crowding. Two composite deprivation indicators, the Townsend Material Deprivation Index 12,13 and the Robson Index were also used in this analysis. Population density, measured as the number of people per unit area within an enumeration district, and the level of urbanisation as denoted by the size of settlement, were also used in the analysis.
Results
The 313 cases of Perthes' disease had a seven-year incidence of 81.5 per 100 000, equating to an average annual incidence of 11.6 per 100 000. There were 256 boys and 57 girls, giving a ratio of 4.5 to 1. The mean age at onset was 5.7 years and 49 (15.7%) of the cases were bilateral. Figure 1 shows the annual rates of incidence of Perthes' disease in Northern Ireland broken down spatially by district council area and Figure 2 maps population density at electoral ward level. While there is no obvious spatial pattern in the rates of the disease, it should be noted that the only two district council areas which contain a city-based population, namely Belfast and Derry, tend to have average or relatively low rates. The highest rate was seen in the district council area of Moyle in the north, which does not have a town with a population greater than 5000. Table I presents incidence calculated for each of six categories of settlement size. While in the larger urban areas the rates are relatively high (11.4 to 12.4 per 100 000 children in the two largest categories), they are similar in the small rural villages at 12.0 per 100 000. Even ignoring this last figure, there is no indication of a gradient in the rates of disease according to the size of the settlement. Table II lists the annual incidence for enumeration districts categorised into quintiles according to population density. Given the small range in rates across all categories (10.4 to 12.3 per 100 000) and the similarity of values recorded for the highest and lowest densities, it is clear that the data show no trend. Thus in Northern Ireland Perthes' disease is neither a predominantly urban phenomenon nor one which is related to population density. The general trends for a number of other univariate socioeconomic indicators, such as male unemployment, housing tenure, the percentage of unskilled and low-earning households and the percentage of economically active adults with third-level education (not shown) are similar, with correlation coefficients ranging between 0.69 and 0.88. Overall, while there is variation in the strength of the associations, both the composite indices and the individual indicators imply a relationship between area-level socio-economic circumstances and the incidence of Perthes' disease.
Since the nature and level of deprivation may differ between rural and urban areas and between towns of different sizes, we generated a two-way cross-tabulation of deprivation, based on the Townsend score and settlement size, to control the impact of deprivation on any association between the incidence of Perthes' disease and urbanisation. In this case, settlement size was broken into four categories to avoid large variations in the size of the denominator population in each group. These data (Table IV) again show, for most settlement sizes, a general trend of increasing incidence at higher levels of deprivation, although there is considerable variation within each. The incidence rate of Perthes' disease among the most deprived rural population is 16.1 per 100 000, more than twice the rate observed for the least deprived rural subgroup (7.1 per 100 000). The range of rates is lower for the city-based population (9.7 to 12.7 per 100 000). The greatest differentiation by deprivation is found for rural rather than for urban areas.
Discussion
The average annual incidence of Perthes' disease in Northern Ireland is 11.6 per 100 000 which is higher than that in a number of previous studies carried out in areas of differing levels of urbanisation in England, namely Wessex, Yorkshire and Mersey, 7, 11 and exceeded only by that in Liverpool. 8 The spatial distribution at the level of district council area and the incidence by settlement size contain no indication that Perthes' disease in Northern Ireland is predominantly urban. It is also evident that areas of deprivation and relative poverty, typified by factors such as high unemployment, low car ownership and low owner-occupation, do have the highest rates of Perthes' disease. It is a popular misconception that deprivation and poverty are urban phenomena, concentrated in inner cities and in large publicauthority housing estates. This may explain how it could be suggested that Perthes' disease may be related directly to urbanisation and population density. Within Northern Ireland, while there are concentrations of deprivation in such areas, census-based analysis implies that a substantial proportion of the more deprived households are located in small towns, villages and rural areas. 15 Socio-economic factors such as unemployment, rather than those peculiar to levels of urbanisation such as population density, are more clearly related to the incidence of Perthes' disease. Examination of the socio-economic variables shows that, at area level, the disease is clearly related to indicators of material deprivation, thus supporting the findings of a number of other studies. Several reports have suggested that environmental factors within a socially-deprived population may play a role in the development of Perthes' disease. Hall et al 16 showed that children in Liverpool with
Perthes' disease had a low level of manganase in the blood and suggested a possible dietary link. One possible factor may be parental smoking within the home. Of 208 patients with Perthes' disease who were reviewed at weekly clinics, 64.9% came from households in which one or both parents smoked. This is considerably higher than the rate of 38% of exposure to passive smoking which we found in a group of 247 healthy control children drawn from primary schools in Northern Ireland. The risks of passive smoking in the context of Perthes' disease remain obscure; it may compound the effect of other environmental factors or may influence the coagulation status of these children. 17 Without proper data on the exposure of cases to passive smoking, any link with Perthes' disease in Northern Ireland is purely speculative. In Great Britain there is a strong socialclass bias in the prevalence of smoking which is more than twice as common among unskilled manual workers than in professional socio-economic groups; 18 analysis reported above, highlights the need for further research at individual level to elucidate these theories. Such a detailed survey of cases of Perthes' disease in Northern Ireland is currently being undertaken. The aetiology of Perthes' disease is still obscure. The prevalence in socially-deprived areas suggests that some environmental factor must play a role. This is particularly relevant to physicians working in non-metropolitan environments who may believe that Perthes' disease is rare outside urban-based populations.
The observations of Wynne-Davis and Gormley 20 in
1978 that "The child who is going to develop Perthes' disease is already constitutionally and socially at a disadvantage, and during the perinatal period and the first few years of life is perhaps more susceptible to trauma than is a normal child", is still valid. No benefits in any form have been received or will be received from a commercial party related directly or indirectly to the subject of this article.
